Lateral medullary syndrome is rare in pediatrics. It is characterized by neurological deficits due to an ischemic lesion in the lateral medulla. The authors describe a 17-year-old boy who developed lateral medullary syndrome in the context of a hyperflexion neck injury while diving in shallow water with traumatic vascular injury. He had "crossed" neurological deficits above and below the neck. His magnetic resonance angiography showed intra-and extracranial left vertebral artery occlusion and his magnetic resonance imaging showed signal abnormality involving the left lateral medulla and inferomedial cerebellum in keeping with an infarct secondary to left vertebral artery and left posterior inferior cerebellar artery occlusion. Good neurological recovery was observed on heparin therapy started after surgical treatment of traumatic injury. To our knowledge, this is the first reported case of lateral medullary syndrome in a pediatric population related to a flexion neck injury. The authors emphasize the importance of a high level of suspicion for accurate diagnosis. Pediatric ischemic strokes have a frequency of 1.8 to 3.3 per 100 000 children per year with less than 8% involving the posterior circulation.
site of traumatic injury being the second part of the vertebral artery (C6-C7), where it passes through the foramen transversarium in adults, and V3 and upper V2 (around C2) in children. 7, 8 Recent reports in adult studies have mentioned that flexion injuries are the most common mechanism of injury with incidence between 28% and 75%. 6 The authors report a 17-year-old boy who developed lateral medullary syndrome in the context of a hyperflexion injury to the neck while diving in shallow water with traumatic vascular injury. To our knowledge, this is the first such report of lateral medullary syndrome in a pediatric population related to a flexion neck injury. The authors emphasize the importance of a high level of suspicion in cases of spine and neck injuries for accurate diagnosis.
Methods
Case report and systematic review of the literature of all cases of lateral medullary syndrome in the pediatric population. Search was completed in PubMed with the key words "lateral medullary syndrome," "Wallenberg syndrome," "pediatrics," and "children." No language or year restriction applied. Age below 18 years old. Data extraction was done by the first author (A.A.). It included year of publication, age at presentation, gender, the initial presentation, imaging, treatment, and outcomes.
Case Report
The patient is a 17-year-old boy who was previously healthy with a negative family history of stroke or thrombophilia. He presented to the hospital as a traumatic case of flexion neck injury after diving into shallow water. At an outside hospital, he was diagnosed with a C5 fracture. Immobilization was undertaken, and he was transferred to our center. On arrival, he was found to have cervical spine tenderness with overt weakness of the right upper extremity. There were no obvious signs of trauma to the head. His Glasgow Coma Scale was 15/15. His pupils were equal and reactive to light and there was no obvious facial asymmetry. He was hemodynamically stable. Neck and spine magnetic resonance imaging (MRI) at day 0 (D0), a few hours after presentation, showed a burst fracture at C5 with associated retropulsion and perched facets, and a lesion in the right hemicord at the C4 to C5 level in keeping with contusion. In addition, there was loss of flow void in the left vertebral artery concerning for possible thrombosis/dissection (see Figure 1) . Thick axial slices covering V1 (¼C6 and below) segment showed variable signal and caliber of the left vertebral artery (one cut with flow void, one cut with complete obstruction and hyperintense thrombus, a few cuts with decreased caliber); all the other segments (V2, V3, V4) were occluded, replaced by hyperintense T1 signal from obstructive thrombus. Note that no magnetic resonance angiography was done on the initial imaging, and V1 was not imaged.
After the initial spine imaging, he was intubated and went directly to the operating theater. He underwent an open reduction of C4 to C5 with posterior spinal fusion of C4 to C6. He was diagnosed to have a C5 fracture with C4 to C5 bilateral facet joint dislocation. Magnetic resonance imaging brain and cervical spine and magnetic resonance angiography of the circle of Willis post-surgery (D1) showed an improved cervical spine alignment to near anatomical alignment and residual T2 signal changes in the right hemicord over C4 and C5. In addition, there was an absence of flow within the intracranial segments of the left vertebral artery, corresponding to T1 signal and loss of flow void on T2-weighted sequence in keeping with extensive thrombosis of the left vertebral artery including its intracranial segment. There was an absence of flow and an acute obstructive endoluminal thrombus extending from V1 (partial) to V4 evident. Important to mention that the brain MRI was limited in part due to orthodontic braces, but otherwise was normal (see Figure 2) . The patient was not started on antiplatelet or anticoagulation given the imminent need for spinal surgery. Heparin was started at 24 hours following surgery due to concerns about expansion of small epidural hematoma at the C5 vertebral body, and the neurosurgical team felt it was safest to wait 24 hours prior to initiating anticoagulation to ensure the bleed was not progressing and to ensure no further operative procedures would be needed. During his stay in the ICU, there was no headache, diplopia, or vomiting.
On examination at day 2 (after 24 hours post-surgery), the patient was not encephalopathic and had good speech production. Mild dysarthria and hoarseness of voice were observed. His pupils were equal, round, and reactive to light. He had subjective tingling in the V2 and V3 distribution of left trigeminal nerve, reduced corneal reflex on the left, and mild left facial weakness. There was left gaze-evoked nystagmus and dysmetria on the left upper and lower extremities. He had weak palatal elevation on the left and a weak gag reflex. The uvula was deviated to the right. His tongue was midline. Shoulder elevation was normal; however, his strength was reduced in the right upper extremity, in the C5 innervated muscles. Sensory examination showed reduced sensation to pain in the right upper and lower extremities. Strength in the left upper extremity and bilateral lower extremities was normal. Reflexes were normal except reduced in the right upper extremity. Plantar responses were both down going. The exact time of onset of these symptoms was not clear to the patient but he felt them after the surgery.
Given the onset of a likely embolic stroke and the visualization of the arterial thrombus on imaging, it was felt that anticoagulation with heparin would be most beneficial. The patient was started on intravenous unfractionated heparin around 30 hours post-surgery. Later that day, the patient developed persistent recurrent hiccups that responded to chlorpromazine and resolved in one day. His brain MRI at day 2 (post neurological symptoms showed interval development of T2W/fluidattenuated inversion recovery signal abnormality within the left lateral medulla and inferomedial aspect of the cerebellum in keeping with infarcts secondary to the left vertebral artery thrombosis and occlusion of the left posterior inferior cerebellar artery (see Figure 3) . He was shifted to enoxaparin 6 days post the event. During that time, his persistent dysphagia prompted a gastrostomy tube placement prior to transfer to a rehabilitation center. The left vertebral artery remained occluded on imaging. After 3 months of enoxaparin treatment, the patient developed a postoperative hematoma after a nerve graft surgery and switched to aspirin. Pregabalin was started for neuropathic pain. On 10 months follow-up, all the symptoms recovered except for a slight hemianesthesia.
Discussion
The authors report a 17-year-old healthy boy who presented with left lateral medullary syndrome after a flexion neck injury while diving in shallow water. Few cases of lateral medullary syndrome have been described in the pediatric population, and none have been yet described following a "flexion" neck injury.
The probable mechanism in our case was thrombosis or occlusion secondary to flexion neck trauma with possible dissection as an etiology. Local thrombus formation is promoted by luminal stenosis and the release of thrombogenic factors by intimal damage leading to a narrowed lumen and therefore reduced blood flow. The other possibility would be an embolic event from the original thrombus. 9 Endothelial injury, tearing, and separation between vessel layers will cause exposure to collagen and in turn will activate tissue and von Willebrand factors that will lead to thrombus formation resulting in occlusion or artery-to-artery embolism. 10 Vertebral artery dissection is often preceded by neck trauma. However, other predisposing etiologies include genetic connective tissue disorders predispose to eventual dissection such as Ehler-Danlos syndrome, fibromuscular dysplasia, a1 antitrypsin deficiency, angiolipomatosis, lentiginosis, hyperhomocysteinemia, and Turner syndrome, which accounts for a very small proportion of cases. Our patient didn't have signs or symptoms of these disorders. Acute infections have been also associated with cervicocerebral dissection. Bone anomalies (Klippel-Feil anomaly, odontoid aplasia, atlanto-axial subluxation, and congenital arcuate foramen) can also cause vertebral artery occlusion such as that seen in rotational vertebral artery syndrome or "Bow hunter syndrome." 11 A study done by Taneichi et al 6 (in adults) mentioned that the incidence of traumatically induced nonpenetrating vertebral artery occlusion was around 17.2% and is a complication in 20% of cervical spinal fractures and or dislocation. Blood flow restoration potential was higher in compressive injuries (suggesting a probable vasospasm or minor artery dissection leading to a reversible occlusion) than in distractive injuries. Also, vertebral artery occlusion was rarely symptomatic because of sufficient collateral blood supply through not only the contralateral vertebral artery but also the circle of Willis. 6 Given lateral medullary syndrome is not that common in pediatrics as opposed to adults screening tools such as the McGovern or the Denver could be used to assist in minimizing unnecessary radiation and determining which high-risk patients are in need of vascular imaging. 12 According to adult data, the most frequent presenting symptoms of lateral medullary syndrome are sensory in origin (61% face, 79% body), dizziness/vertigo or imbalance (88%), Horner syndrome (88%), nystagmus (70%), nausea/vomiting (64%), dysphagia (61%), and hoarseness (39%). 13, 14 The clinical presentation varies and depends on the precise location of the ischemia affecting the lateral medulla and the inferior medial cerebellum in the territories supplied by the vertebral artery and posterior inferior cerebellar artery. In our case, the patient had both an extracranial and intracranial thrombus. It has been reported that intracranial dissections are more common in males, while extracranial dissections are more common in females. 9 Also, our patient developed hiccups which was found in 25% of adult patients with lateral medullary syndrome. 10, 15 The authors found 15 cases of lateral medullary syndrome reported in the pediatric population (Table 1) . Ten cases were diagnosed by MRI and 2 with changes in arteriogram (radiograph with contrast). Age was between 6 and 15 years old with A and B) . The cerebellar abnormality is correlated with a posterior inferior cerebellar artery (PICA) distribution while the medullary finding likely relates to the known vertebral artery thrombosis. Unfortunately, due to artifact created by dental hardware there is obscuration of this area on the diffusion-weighted imaging (C) and apparent diffusion coefficient "ADC" (not shown); only the most inferior medial aspect of the posterior cerebellum is spared of the artifact and demonstrates restricted diffusion in keeping with an infarction (arrowhead).
11 of 15 patients being male. Two patients had minor antecedent trauma, 2 had neck extension events, 3 with possible embolisms (struck by lightning, congenital heart disease, and radiofrequency ablation procedure), and others were in the context of osteomyelitis, post-varicella, neuroborreliosis, or celiac disease. The initial presenting symptoms were vertigo or dizziness (10/15), headaches (7/15), vomiting (6/15), motor or sensory abnormalities (6/15), nausea (3/11), ataxia (3/15), swallowing difficulties (2/15), speech changes (1/15), neck pain (1/15), and photophobia (1/15). Aspirin was used in 4 cases, anticoagulation in one case, others received fluids, antibiotics, gluten restriction, or surgery as treatments depending on the associated condition. Neurological outcome was favorable in 4 patients having full recovery in 3 to 12 months. Others had persistent mild deficits including mild ataxia, mild hemiparesis, sensory deficits, nystagmus, and vertigo. One died with eventual respiratory failure as a complication from aspiration pneumonia.
Regarding medical treatment, the decision was to go with anticoagulation based on the clinical signs and symptoms of lateral medullary syndrome instead of aspirin. In post dissection treatment of posterior circulation strokes, a pediatric study showed that 23% of the cases were treated with antiplatelets, 23% with anticoagulation, 14% with both, and 40% with either. The use of medical intervention (anticoagulation or antiplatelet agents) seemed to be increasing over time. 8 In an adult study, done by Markus et al, 25 on 250 participants with extracranial carotid and vertebral dissection who were randomized to antiplatelet or anticoagulation with 1-year follow-up, the result showed that the number of recurrent strokes was low (2.4%), and there was no difference between treatment groups in outcome events or the rate of recanalization. The American College of Chest Physicians suggested for the treatment of arterial ischemic stroke that are nonsickle cell related to use anticoagulation with LMWH/unfractionated heparin or aspirin as an initial therapy until the dissection or the embolic causes are excluded then used aspirin daily for 2 years. If the arterial ischemic stroke was secondary to a dissection or a cardiac emboli to use LMWH or vitamin K antagonists for at least 6 weeks with ongoing treatment depending on the follow-up imaging. 26 Perioperative decision of anticoagulants and antiplatelet agents is based on a compromise between the risk of hemorrhage induced by maintaining these agents and the risk of further thrombosis if they are discontinued. In our patient, anticoagulation was started about 24 hours after the spinal surgery as this surgery could be considered a major bleeding risk and the patient already had evidence of an epidural hematoma.
A study done by Hasan et al 27 on pediatric vertebral artery dissection of 30 cases mentioned that 15 cases were treated with only antiplatelet, 8 cases with anticoagulation followed with antiplatelets, or 7 cases followed without supplemental antiplatelet therapy. Full neurological recovery occurred in 80% of the patients who received antiplatelet therapy alone compared with 27% of those who received anticoagulation therapy with or without antiplatelet therapy. They concluded that the role of different therapies for children presenting with symptoms related to vertebral artery dissection is very unclear. A randomized multicenter prospective trial in children should be considered to determine whether antiplatelet and/or anticoagulation therapies are appropriate for children presenting with VAD. In another study done in children with posterior circulation dissection: 1 (2%) of 45 cases died before 1990 and none after 1990. Among survivors (over 5-year follow-up), 37% had complete recovery, 33% had mild deficits, 8% with moderate deficits, and 6% with severe deficits. None had recurrent dissection, but 15% had recurrent ischemia. They presumed that anticoagulation possibly reduces a patient's risk of a thromboembolic event after a dissection. 8 In general, the prognosis is better in children than adults with dissection and in extracranial rather than intracranial dissection. Moreover, the highest dissection recurrence rate was in intracranial arterial dissection 5 weeks to 14 months post initial diagnosis. 28 Our case demonstrates that lateral medullary syndrome can occur postflexion injury in the pediatric population. The etiology relates probably to a vertebral artery dissection. The presence of crossed neurologic findings above and below the neck in the context of neck injury is an important diagnostic clue that should prompt imaging study focusing on the brain stem and the posterior fossa vascular structures. However, a high level of suspicion should also be kept in mind in asymptomatic patients, and screening tools could be used to assist in minimizing unnecessary radiation and determining which high-risk patients are in need of vascular imaging. There is as yet no definite standard treatment for vertebral artery dissection. Decisions regarding need and type of treatment are often made by the treating team balancing the benefits of anticoagulation the risks of bleeding. Most of ischemic lesions are a consequence of a thrombotic or embolic phenomenon. Therefore, a course of anticoagulation might be considered if there is no intracranial hemorrhage or major systemic hemorrhage. In intracranial dissection, more caution is required as they may develop a subarachnoid hemorrhage. Good neurological recovery on anticoagulation or antiplatelets therapy started soon after surgical treatment of traumatic injuries has been observed in this case and in the literature.
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